The Traffic Police Management Training Game was designed for Northwestern's Traffic Institute with the following basic objectives: (i) to provide police officers of supervisory rank with more insight and experience in traffic problems; (2) to show the importance of intensive analysis and planning; and, (3) to teach certain patrol enforcement concepts. The game requires three ingredients: the game administrators, the game players, and the computerized game model. The game model provides the framework within which the administrator may specify any type of urban model he believes meets his teaching objectives. The game players input decisions on allocation of manpower for patrol enforcement.
Management training Game will then be discussed.
The game model and simulation, administrator and player input, and the output of the game will each be presented. Some final notes from an actual experimental game session at the Institute will complete the paper.
Basically, the Traffic Police Management
Training Game provides an opportunity for the player to formulate traffic control policies, allocate available resources and evaluate the results of his decisions within the context of a
• responsive gaming situation which is designed to react, or at least appear to react, realistically to his command decisions. Although the underlying relationships, as presented in the model are relatively simple, the total appearance of the game presents the players with a complex system.
The game model provides the framework within which the administrator may specify any type of urban traffic environment he believes best meets his teaching objectives. In addition, the administrator specifies the length of the simulated time period the game is to operate and the different daily patterns within the period.
The basic unit of time assumed by the model is one hour, but the minimum length of an operating period is one day. Depending on how the game is to be used, it may be run for a simulated day, several days, a week, a month, etc.
The administrator is free to divide the class into several groups, each dealing with distinct urban systems, or to allow the class as a whole to "play" against one larger system.
Once the urban system(s) have been specified, the administrator gives the class a city map, a brief demographic sketch, periods of operation, daily patterns, and whatever additional information about the city he may deem necessary.
The players must now organize their traffic departments for effective deployment of traffic units.
This may include establishing line command structures, dividing the city into districts, etc.
Having done this, the players are required to make initial manpower allocation for each daily pattern in the decision period.
Both the administrator and player forms are now keypunched onto computer cards in a prescribed format. This "input" card deck together with the actual program deck are submitted to the computer for processing.
The game model produces traffic violations with the simulated urban environment over time.
The frequency of violations at any particular intersection is a function of the parameters inputed by the administrators and the enforcement applied by the players. Accidents are assumed to be the result of violations. When an accident occurs the closest (in time to respond) available unit is assigned to respond.
If an accident has not occurred, the model computes whether or not an available unit observed the violation. If the answer is yes, a detection has occurred. Thus, the probability of detecting violators increases with an increased manpower allocation.
The object of the game is to achieve some "best" allocation based on the criteria the players select to measure performance. Each play of the game generates data in report form for analysis and use in making decisions in subsequent plays of the game.
The next section of this paper presents the basic management game theory which underlies the Traffic Police Management Training Game.
Management Gamin~ Backgrqund

Definition
Management games are "games" in the sense that there are participants, a set of rules, and a method of scoring.J15]
A management game consists of four elements.
There are the players who assume roles in an organization. There is the model which simulates the environment in which the organization operates.
There is the input which consists of decisions by the players and there is the output which is generated by the model and provides feedback to the players from which to "score" the results of their decisions.
A management game puts players into a simulated environment where they assume roles in an organization characteristic of this environment.
In their roles as administrators, the players make decisions applying their experience and knowledge to achieve certain objectives for the organization. Through decision-making they In a management game, the mathematical model is the set of relationships from which the output report is computed from the input decisions. Kibbee has stated this characteristic very interestingly:
A game with interaction is like tennis; a game without interaction is like golf. [15] Further, he gives examples from business management games.
In the Univac Marketing Game the various teams are in competition for a common market, and the action of any one team, say in its pricing policy will affect all the other teams; there is an interaction between teams. In the
Westinghouse Inventory Control
Game, on the other hand, each team is attempting to achieve the best performance beginning from the same conditions, but there is no interaction between teams; the performance of one team has no effect on the other teams. [15] Qualitative or only quantitative factors
In a management game, the relationship between a particular decision and its effect usually results from computations performed using mathematical relationships built into the game model. It is possible, however, to use human beings and introduce qualitative factors, their "rational" judgements as to the results that should ensue on a particular decision. These people are called judges, referees, or umpires.
[8]
Another type of qualitative factor occurs in the information flow in management games. 3. unlike the police system, the business system is highly interactive.
In short, a business game is not directed toward police activities, so it would seem that a management game directed at police systems to serve police training objectives would be desirable. Such a game did not exist. 
Determining violation event~
We shall assume that the number of violations occurring in cell (i,j) during hour n obeys a Poisson distribution with parameter Vij(n ).
The time t of occurrence of each violation is selected from a negative exponential distribution (n-i to n). It remains to describe the variation in Vij(n) with enforcement and time.
Police enforcement
Assume that patrol unit k has been assigned to area ~( n ) and will weight his time according to the intersection flow rates, Qij(n), where
Thus, we assume that the probability of finding unit k in a particular cell (i,J) at time t during hour n is given by
We define the enforcement level, Eij(n), in cell (i,j) during hour n as the sum of the probabilities of finding a patrol unit in cell (ij) at any time t during hour n. That is,
In particular, if only one unit k has been assigned to spot patrol at intersection (i,j),
and Eij(n ) = I.
We are saying that applied police enforcement, i.e., number of units assigned to First, we allow V to vary exponentially between V and V as follows:
To determine the free parameter y, let 
v Note, t h a t we h a v e d e f i n e d a "corm~unity" r e s p o n s e t o a c h a n g e i n e n f o r c e m e n t .
However, t h e n e i g h b o r h o o d g e n e r a l l y h a s to be e x p o s e d t o
a c h a n g e i n e n f o r c e m e n t b e f o r e t h e c o m p l e t e e f f e c t i s r e a l i z e d .
To d e s c r i b e t h i s " t i m e d e l a y " r e s p o n s e , l e t V (0) be t h e v i o l a t i o n r a t e a t an o l d e n f o r c em e n t l e v e l E (0) , and V (1) be t h e v i o l a t i o n r a t e a t t h e new e n f o r c e m e n t l e v e l , E ( 1 ) . A g a i n ,
assume an exponential decay-after d days exposure to the new level E (I) as follows:
where V(0) = V (0) .
To determine the free parameter T, recall that N E is the number of days of continuous enforcement a E = 1 required to drop the violation rate from ~ to V E. Thus, we require
-V
N E
Such curves describe how quickly (in terms of days) a eonm~unity responds to a change in enforcement.
Generating the Master Violation Table  (MVT) Equations (3) and (9) When attempting to locate a unit at time t, we encounter three cases:
i. t F > t-the unit is busy;
t F < t-unit is available and inside its
area;
t F < t-unit is available and outside its area.
For cases (2) and (3) Assuming some average patrol speed, Vp, we can compute the bounds on ~( t ) as follows:
This concept is illustrated in Figure 2 .
We now select the current location of the unit from the probability function When the probability in (12) is greater than the random number, this (i,j) becomes the cell where he is.
For case 3, unit is not busy, outside area, we assume the unit returns to its area by the shortest route possible. Here, we have three subcases as depicted in Figure 3 . In each case, the model computes whether or not the unit has had a chance to return to its area. If not, it will compute the unit's position along the route of shortest return. If the unit has had time to return, its time and location of entrance into the area will be used to compute a region of influence and the current location will be selected as described previously. Either the violation is detected or not detected.
The model requires the unit to be at the same location where the violation occurs in order for the violation to be detected. The test for detection involves locating each unit, determining whether it is available or not and, if it is available, locating the unit, as described in a previous section, cases (2) and (3). Once located the probability of detection becomes: 
8.
be expected, due to a single patrol unit being continuously assigned for a specified number of days at a particular intersection (defined as an enforcement level of unity) the number of days a patrol unit must be assigned to achieve the reduction of It is expected that the player commander will vary unit beat assignments with each game in an effort to achieve an "optimal" system operation.
It is believed that these three facilities, Notice that the administrators always have the option to change certain parameters when theywant to, i.e., increase intersection flow rates on side streets on the day of a parade.
Some Final Comments
The The player reaction was equally enthusiastic with the positive reservation that they felt more time should be devoted to the game, so that it becomes an integral mechanism for tying the total program together.
The future of the Traffic Police Management
Training Game, thus, depends on the successful alteration of the Institute's program to incorporate the game as a teaching tool.
